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PROCESS FOR THE PREPARATION OF N-PHOSPHONOMETKYL GLYCINE 



The present invention relates to an inprovec.nt 
in the proceoa for the prepsretion of N-phosphonoee thyl 
glycine by csydetion of N-phosphonoee thyl iDi no diecetic 
acid with oxygen or a gee containing oxygen in the 
5 presence of a catalyst. 

N-phosphonoaethyl glycine has been known and 
widely ueed for almost a decade for its herbicidal 
activity. N-phosphonomethyl glycine fGlyphosate) is 

suitable for the control of verious monocotyl edonous and 
m , . *»ndesired^»^ 

10 dicotyledonous annual and perennial/plants in case of 

poet-ecergent treetsent. A particular advantage of th 
coopound is that it does not possess any persistent — 
activity end thus it can be successfully employed in 
crop rotations (Proc. N. Cent. Weed Control Conf. 26. 
15 64 /1971/). 

K-phocphoboaethyl-glycins is nust often prepared 
by exydction of K-phot,phonoaethyl iKinodiace tic acid. 
One knc=ri process comprises oxydeting the sterting 
ceteriel by hydrocen peroxide (Dutch Laid Open Pstent 

20 'publication l.o. 73 07 449). According <o encth-?r 

tcthod the tc; tic tcid group of the sttrting asterlal 
is eplit off by scid Catalysed hydrolysis (Hun.oarian 

A 1*841 -91/5 tCf 
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Pcto„, Sp 6 «» leotl „ No . 165 ^ £1 

* di.elo..d ln o,r..„ Fed . ral Ropubllc patent Sptclflee _ 
«l.n 2 363 6* US ,.,.„, SpoclficaUon Ko> 3 ' 
"d Brlti.h P.tcn, s^cificetlon No. 1 « 2 6,4 l„ 
« r.f.r.„e. .o. x K.p,.o oph onc==t hyI iclno dltceti= . ecld ^ ' 
. U bJ.=«o to e „c=<o oxy-atloo in ccULc c3diK ^ 
grcphl,, electrode. , her0£S ,„„ lcse ^ nftnnm ^ 
l.t. «o oxydouor, csrri.d „ ut on th . t . tr<1<(st „ 9roup of 
N-pho.phonc.thyl i= lno dtae.tle .en „„ alM<1 .„„ 
10 product 18 for ,< oy „yd r „ly 9l „ 9 tht obtaI „ e< , K . pho6phono _ 
cothyl glycine triecter. 

Qxydation of N-phosphonowethyl lBino diecetic 
ecid «ay aleo be ccrried out *ith oxygen or cxycen- 
containing ges ln the presence of -a catalyst (us PcteTTt 
Specification 3 S5S 3SS, Gsrccn Federel R fcpub i lc 

Pctant Specification K *. 2 5 19 338 end t^lgi^ PctBnt 
£pocificetion Ko. £51 £35). The cdventsce of the 
ectayticel oxydetion over the kno=r, methods rationed 
thove ic thet it doe-c not raquiro cxpe,ncive chocic-ls or 
electrolysing cquip^nts. Severe drt-bscLce of this 
cstf.«I. hoover czzz free tho feet thst K-phosphor-ethyl- - 
icino dietetic ecid uccd cc eter ting —oriel is poorly 
toluble in c^ter (ccturcticn ccncentreticr. of the coo- 
pound st 2C'C: 1 r fcy ^.i : h: 4 Bt £- 5 <X. £ by ^lehx end 
even et 1CD«Z i.e. cv,, ir. cb^z i_- r , cp.retionc ere 
conducted 6 t e higher prwesure then norcsl pressure, the 
solubility, ecountc only to 10 £ by t^ight (ceo Gercen 
Podorcl Republic Pctcr.v Speci fiestion No. 2 519 335). 
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At g ccnwqucnce of the cinicel solubility of N-phosphono- 
Kthyl inino diace.ic acid squeoue solutions have to be 
•cployed in a large eaount reducing thereby the ueoful 
ccpccity of the reactor and incrcceing thus the required 
5 energy. A larga Mount of wcter hes to be rccoved from 
the effluent© requiring a further c^our.t of energy. Thio 
prococe ic thus uncconocical cor.ciccrinj both utilizetion 
of ccpccity end energy balance* 

In or dor to eliminate the disadvcnt&gee centloned 

10 above a cot hod ie disclosed in Belgien Patent Specifica- 
tion Mo. SSI 995, according to which the salts of 
K-phocphonosothyl-iaino diacetic acid ore ueod &o 
starting csterial. Depending upon tho character of the 
cation being present, the salts of K-phoaphohdsathyl'lRTno 

15 diacetic ccid fore a 5-30 % saturated solution with*I~ater 
of g tcc^orature of 100 °C. Froc the point o' view of 
cncrgy-ccving only those ealts cay bo used in largo 
ccclc prcsticc t the solubility of cinich is cloco to tho 
uppor licit of the saturated concont ration. Thus for 

20 cxc^iplc iccpropyl csino eclt of f4-phocphonc-athyl icino 

diocctic ccid tay be ecployed. Data disclo&Gd in Dolgien 
Pctcnc L?ocif iccticn Ko. £51 933 shoi: that during 
cxydction of tho compound a considerable- eaount of by- 
preduete is forced (such as ^cathyl-J^-phosphonoze thyl 

25 clvrir.w end cothylcrins fcsthyl phocj/r.or.ic eeid), uhich 
r: c w c: the yield of thfc end-product end ecy ba rccoved 
frcz tr-C end-product only with difficulties. Though the 
forcction of by-products nay be reduced if conventionelly 
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cl.^l cctclyeto ere r.plac.d by pl atlnuo cel8lyst 
(Cc ; t..ic cc^o the r.t f th. « el „ r# . ctl n 1# 
ccl^tivoly lncre CMd ) 8ldc recctionB ho _ er ^ ^ ^ 
•licintfd cccplctely. A , Brthsr < ifc ^ tntC£C u th3 ^ 
Vteld of ration, iccpropylcrin. colt of a-phocpteno- 
~thyl tc even in the Cc *t fevurcM. 

cccc in the of cb.ut » - c^ouc colution, thua 

ctlll e Icrr.D c^,.-.t of ^cr he, to bo rocovod fro= the 
cclutica (c^t SD W if the product i. forculat.d in th. 
c^rcidly «v ei lcblo for. of c 53 S 8queoa , 60lutlon# 
Tr.ia procoea ie hocavor w« c hot coro Gcono 0 ical than 
tto previo« pr*cc £c , bu : wither tho purity of tha 
preset nor tfca erwrgy bcltmcc of tho proc e „ ePe 
ecticfyir^. 

^cordir^ to tha ir.var.tibr. the diecdventc^a of 
the cci~cr^J kh^, pro^ttcs era elieinctod by preparing 
pars ^^c^cecthyl giysins by cn aconcxic, energy- - 
tcvic^ cxi cc^csitv-ir.crcc=ir.2 procsto. 

O feo*o re- fouai thet eetclytic cryiction of K- 
pi^^ar^ssthvl icir.o diceetic ceitf cey be carried out 
ift cecee^eLcec cc-.vcrtir. : tl-.je L--:.ee^er.eee chyl i Ci no 
C-eeetic ceic: ts^lc-tcl./ to I>^-J. i .-^=c:.vI clysirj cith 
c r--t t,— Vic cevtcru-.- {reLe:.c to t— c - t ur.i 

p> v f C 2 7 . " * * V : ~ * ' * •* ~ ' 

c^JLL-Z is. lir:.; uv t..J L^d^pi. of Gir^ rcd-rcl 
t^^lLc fctcst C;~Cificcticr. ^2S1C G- the 

«~\Crery tr; tI'.Sr citci rwfcrcr;co c process ic die closed 
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cc-pritir.j tho oxydation of N-phocphonoco thyl icino 
dlccotl acid srried out In aqueous solutions and not 

van the um f supersaturated solutions is suggested 
bsccjco* *ths precipitction of tho starting caterlal 
0 cca Lc ticketed c^orcby the race tion is t lowing dorm end 
tho accretion cr»d purification of tha product bocotr.es 
ecre difficult.* 

Cicilcr ccr.clucicne could bo drawn *rhon con- 
cicScrinj tho reaction eochanica of suspensions. As tha 

10 racctlon cay take pl&ce only on the boundary surfaces, it 
ccn bo expected that the reaction - if it takes pleco 
at ell - till bo cxtrecoly elon fron tha beginning, the 
rG tc of reaction dll gradually decrease dth cccusulotlng 
c^—p roquet end wlvcn cchioving a given concentration the 

15 rcccticn cubs tent icily cc^os to on ond 89 tha molecules 
of tho c^i-^recu-t forced on tho boundary surface con 
c^ffeco cr.ly vory elccly into the inner port of the 
Liquid Icy^r. Tt~'S ©von in the toot favourable cases only 
very dec rc eerier^ c^Iibo expocted in suspensions, 

CD ticro 110 £j ccr.vcroion is not achieved. Oa have now 
f -:r; r : ^^ ;'V vo^J that the cix^r.t of the starting 
LdcrLd e^accrtoi dt^. cm tix^; urit (expressed in 
r - - ■ ^ «^ o a^;~ ic c±™t tc^c^ as c^ch as tho 

c ^_r^J ^ tha rcostic--. cor-.ctod in liquid layer 
f . • • r- tho a'certi*'-" f_a**ariol c&rv bo 

ci_,L_L-l- ! c^c:'^ tc tl^ c.~--rc^5t. It has to be 

c—' cr^ir to u^i=iercC- :hc re cation in cucponsions 
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(cuch C3 progrlndlng in a colloid nill # treatment with 
otttng &Qont» etc # ) # 

The invention role tee to en icprovctent in the 
procsce for the prepcretion of N-phocphonoLi thyl glycine 
S by cxydatlng K-phocphonotc-thyl i^ino diecetic ccid nith 
cxy^sn or oxyssn-ccr.tcinino gcz in tho presence of a 
cctelyat* The procccc ic chtrtctcrizod by conducting tho 
txyistio* of ^phoLph.Dna^w thyl icino diecetic scid in en 
equcaue ©uc pension. 
10 Tha content of N-phoephonose thyl-icino diecetic 

ccid of thd ©quooue suspension cay vary within a relatively 
cida rcrv^a. The lo=cr lisit ie given by the solubility 
of t^phocphonOMthyl icino diecotic ecid at a given 
tccporcture, chile tho upper licit depends on the 
15 ciocibiLity of the rcccticn cixture. If the reection iT 
ccrriod cut ct 1C3 °C» thon 5 Si suspensions c©y be used 
c iccsr licit but cbviously suspsnsions containing 
% of tolid tey preferably bo used. 
Csydcticn io carried out erith oxygen or a gee 
2D cirturc c^-tcining oxygon, ouch eir. If cs orydating 
t — t pure cxyrcn ic employed, the rcte of rcccticn ie 
hlr£z,r. then ths rctc of 'cxyiction conducted clth eir t but 
zz~zir'~r±r. Z tho r^acci ccuip^rttc, cr^rgy end lebour 

C-'r* c^yc^ ic prepcrccf, it ic tora ccc-cnic to uso 

Tw3 rcccticr. t^r^urc c:y very ulthin relatively 
dda licitc. Tr~ reaction is carried out at e teeperoture 
rc^^Z ^ tc-^rctur^ to 233 °C, preferably fro* 
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50 to 150 °C. »or pref rably fr • 70 to 120 °C. 

The reaction may be conducted at norael preeeure 
but the reaction rcte is rether low when working under 
nortcl preccurc. The resctlon la preferably carried out at 
clcvctoo oroesure. such aa 2-20 etc. It is particularly 
preferred if the reaction ie conducted at 4-10 at.. Further 
icprovenont la not achieved, when increasing pressure 

above »his value. 

Cxydation is always conducted under shaking or 
etirrlng. The rate of shaking or etirring should b. 
sufficient to give a homogeneous suspension, local in- 
hocooanaities .ay slow down the reaction and thus the 
end products cay contain impurities. # 

As cstalysts known catalysts, such as powder 
forced or grcnular charcoal (e.g. German Federal 
^public Patent Specification No. 2 519 388). noble 
.atel cct.lyots on a carrier (e.g. platinu* or palladiu. 
W licd on cctive charcoal), noble aetaloxyde catalyst. 
Ceu~h « plctinu* oxyde) and so on .ey be e=ployod. 

„«l cctelycts eppli.1 on cctive coal (preferably 
plc:i ,. end pcllcdi«= ctclyst) ensure a higher initial 
rc tc of reaction then the active cosl catelyctc. i.e. 
they «t c* rctc inching catelysts as dlccloccd in 

, location Wo. 861 9S6 . Active 
B'^rltr. Patent ,iU 

.I.^i Bty to .*?=rct.d by cicple filtration and it 
Ly b. fully recovered by washing with hot water anc 

. 1D0-120 °C. The separated ccialyst C ay be 
by clryir.g et loo-i^ 

, c , iPk h ot wtcc^Lllowed by a treatcent with an 
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oxygen-c ntainlng gee. e.g. with air and followed by 
drying. The catalytic activity of the recov red cetaly t 
net not dccree&cd efter 10 working cycles. 

According to Belgian Potent Specification No. 
C31 955 cctlve charcoal ucod as a catalyst of the 
exydction carried out in a solution loosea its activity 
after a few cycles and cannot be recovered anynore. 

According to the invention; however no 
aignificant losses in the aatarial were observed in the 
course of the recovery of the catalyst. 

At least 5 eg. of catalyst are used per 1 g. 
storting N-phocphonosothyl isino diacetic acid. The upper 
licit of the caount of the catalyst is substantially giv n 
by 'c=or.o=ic viewpoints. The aaount of the catalyst oay 
15 bo e.g. 0.5-100 S. preferably 5-50 %. particulorly 5-40 % 
of the Kount of M-photptonosothyl i«ino diacotic acid. 

Ascordlr* to the process of the invention N- 
phocphc»c=3thyl Qlycine is obtoinod in the fore of a pur. 
prc4u=t thwa L V fcpoctrocscpy. The obteincd 
cr^cuc calutlon ccy bo concentrated, if desired, according 
to tivs cr.is of tho user, or W-phoc- ? horvowOthyl glycine 
cc«r to -v^zrezci in ociid for* u'mU. Solutions 
r ._, r ^ r .n co the invention end containing W- 

....... r r.lycine csy after diotillin 2 off 

f .__ Ic: ^ ^_. directly be employed for cgrochcsicel 
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^ L further bcapte* aerve wrely as illustration 
cr* r.st for li=itotion. 
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ExBtsple 1 

Cooperative Exespl© 

The* reaction is carried out In an acid-fast 
200 cl» cylindrical cteel tank equipped with 8 heating 
6 Jcskct* thorcocotor, and an air-introducing and air-outlet 
vclvc* To tho reactor e eolution of 4 g* of N-phosphono- 
czthyl icir.cdiecotic scid in 100 sl« of we tor of a 
tc=pcrcture of 100 °C is added and to the eolution 0.4 g« 
of Korit A catalyst ie introduced. The reactor i8 

10 seeled, fixed on a shaker and to the reactor air ia 

introduced until a pressure of 6 ate* is achieved* The 
rcection is carried out at 90-95 °C under steady stirring 
of the reactor* The fonaaldehyde and carbon dioxide 
forced during the reaction is blown out from tho reactor 

15 every 30 cinutes* Under such conditions the reaction is 
completed within 2.5 hours and thus 2*8 g. (100 %) of 
puro fc-phocphonoQOthyl glycine are obtained (purity 
vorifiod by K>~ spectroscopy) . Specific conversion ie 
celculctc-d according to the following forsula: 

20 *>eight of end product (g.) 

cpocific conversion « - 7~ ~ r77TT7«. 

K volino of liquid reaction tine 

(liter) x (hour) 

Specific conversion; 11*2 c»/l*hour 

Or.c -cy proceed according to Exanple 1 but as 
starting coterial 100 g.. of water. 20 g* of N-phosphono- 
ecthyl ixino diccetic acid end as catalyst 2 g. of Norit 
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A are used* After a reaction time of 6.5 hours 14 g. 
of W-phoepKonote t hy 1 glycine are obtained and thus the 
specific conversion eaounts to 21*5 g ./liters.hour . 
(1»9 tines sore then the vclue cchieved cccording to 
5 the cooperative Exc^ple ). 

Exr *ole 3 

One cey proceed cc dicclosed in Exacple 1 but 
at starting cetcriel 103 g. of water, 40 g. of 
phocphonooethyl icino diccetic acid end as catalyst 4 g» 
10 of Norit A catalyst ere uced» After a reaction time of 
10 houre 28*6 g« of pure N-phosphonooethyl glycine ere 
obtained (verified by NK* spectroscopy). Specific 
conversion: 28.6 g ./liters.hour (2*5 tiroes core than 
the vclue obteined in the comparative Exeople). 

15 Exr-ole 4 

On© cey proceed es disclosed in Exsaple 1 but 
cs starting ceterial 100 g. of water, 30 g. of N-phosphono- 
cethyl icino diccetic acid end eo cotelyct 3 g. of Korit A 
cctclyct ere employed. After a recction tine of 8»5 hours. 

20 21.2 g* of pure ^ph^^pr.ono-uthyl glycine ere cbtcined 
(verified by t^K spectroscopy). Specific conversion: 
24.9 g./liters.hour (2.2 tiaertbre then the value 
cchieved by the cccperetivo Exezple). 
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Sr,rr.?-?.e 5 

The reaction is corriod out in a 2 liters acid 
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«... «d P r re . ls:ln9 autoclBv ; d 

• he.tlno J.C.,. ther-oneter. . lr lntr<>duelns end ' 
...U. valve end D .dd!e . tlrrer> To ^^^^ 
». of K-phocphono..,hyl talno dl „ cctlc acid _ iooQ ^ o> 

ester end 30 c e of unr^ a 

»• Norlt A .re Induced, The autocl.ve 
1. eoolod. ,h. r 0 .c,io„ . lxtur . lt htcted to 909s „ c 

— .lr 1. led to ,h. . utoelsve und . r , he ljquid ie J ei 

until 6 at. pr.a.ur. u achl . ved> ^ suspension is 

..Irr.d a, . r.t. of 400 rp .. After a reecti<)n ^ ^ 

8.5 hour. 208 g. of pur. N-pho.phonoaethyl olycin. .„ 
obtained, the punty of which Is checked by tint ep.ctro- 
•copy. Ach i. v . d epeclflc converslon! 24 _ 4 g . /Uter6 _ hour 
(2.2 tl... „„ r , ,h.„ the v . lue by th< „„ paratlva 

Exeaple). _ 

Vnen the reaction is completed, the catalyst 
i. Icaodiately filtered off. the Bi xture is cashed *ith 
hot «oter and dried at 110 °C. The thus recovered 
catalyst is used m further operations. 

Exrr.ole 6 

One cay proceed as disclosed in Example 5. but 
" 6terti "g material 1C00 el. of water, 200 g. 0 f n- 
phcphono =e thyl icino di.cetic acid and as catalyst 20 g. 
of Korit A recovered M disclosed in Example 5 are used. 
After e reaction tioe of S.5 hours. 146 g. of N-phoephono- 
cothyl glycine, the purity of which is verified by NfR 
cpectroecopy, ere obtained. Achieved specific con- 
version, 22.4 g./literc.hour (twice the value obtained 
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In the comparative Example). 

The catalyst i 8 rec ov red ae described in Exan,pl 
5 and used in further operations. 

Example 7 

One say proceed as described in Example 1 but ae 
starting uateriel 100 ml. of water. 20 g. of N-phosphono- 
methyl imino diacetic acid and es catalyst 2 g. of Norit 
A catalyst-recovered again after the reaction disclosed 
in Example 6 -a--, jsed. After a reaction time of 6.5 
hours 14.2 g. of pure N-phosphonomethyl-glycine are 
obtained, the purity of which is verified by NKR specrto- 
scopy. Achieved specific conversion: 21.8 g./li ters .hour 
(1.9 tines more than the value achieved according to the 
comparative Example). — - 

The catalyst is used in further five working 

cycles after recovery. The activit/ of the catelyst is 

not reduced. 

Example 8 

One cay proceed as disclosed in Exa-aple 1 but as 
starting caterial 1C0 ml. of water, 20 g. of N-phosphono- 
r.6thyl inino diacetic acid and as catalyst 5 % 
pallediua/charcoal (Cerbo C Extra) are employed. After 
e reaction tine of 5 hours 14.4 of pure 4-phcsphono- 
ncthyl glycine are obtained, the purity of which is 
verified by NMR spectroscopy. Achieved specific con- 
version: 28.8 g./liters^hour (2.5 tines cere ihan 



value obtained in the comparative Exempl ). 



Example 9 

One may proceed as disclosed in Example 1 but as 
starting material 100 ml. of nater 4 20 g. of N-phosphono- 
methyl imino diacetic acid and as catalyst 2 g. of Carbo 
C Extra are employed. After 7 hours reaction time 
14.3 g. of pure N-pnosphonomethyl glycine are obtained 
the purity of which was checked by NMR spectroscopy. 
Achieved specific conversion; 20.8 g./liters.hours (1.85 
times more than the value achieved by the comparative 
Example) • 

Example 10 

One may proceed as disclosed in Example 1 but as 
starting material 100 ml. of water, 20 g. of N-phosphor.o- 
cethyl imino diecetic acid and as catalyst 2 g. of 5 ^ 
platinua/charcoal (Carbo C Extra) are used. After a 
reaction ti*e of 4.5 hours 14.2 g. of pure N-pho6phono- 
aethyl glycine are obtained the purity of which is checked 
by NKR spectroscopy. The^ achieved specific conversion: 
31.5 g./liters. hours (2.8 ; times more than the value 
obtained by the comparative Example). 

IChen comparing data of Exacples 8 to 10, it can 
be observed that by using noble metals the reaction 
rate *ey be increased. 
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THE C1AIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. Process for the preparation of N-phoephono- 
methyl-glycire by oxydetlng N-phosphonome thyl imino 
diacetic acid with oxygen or a gas containing oxygenVin 
the presence of a ce telysryKhich comprises oxydating 
N-phosphonomethyl imino diacetic acid in an aqueous 
suspension! 

2. A process as claimed in claim 1 comprising 
using a suspension containing 7-70 g.. of N-phosphono- 
oethyl imino diacetic acid related to 100 ml. water 
as starting material* 

3. A process as claimed in claim 2 which comprises 
using a suspension containing 20 to 50 g* of N-phosphono- 
nethyl imino diacetic acid related to 100 ml. of water 

as starting materiel* 

4* A process 96 claimed in any of the claims 
1 to 3 which comprises using air as a gas conraining 
oxygen, 

5* A process as claimed in any of the previous 
cleims, which comprises conducting the reaction at 
eleveted pressure* 

6* A process as claimed in any of the previous 
claims which comprises using active charcoal as catalyst, 
separated after the reaction by filtration and recovered 
by washing with hot water, and drying at 100 to 120 °C. 

7. A process as claimed in cleim 6 which 
oozpriees washing the catalyst with hot water during 
the introduction of oxygen or * gas containing oxygen. 
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